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The relationship between ultraviolet light and
squamous cell carcinoma has been accepted on
the basis of both clinical and experimental data.
Successful experiments using ultraviolet to
produce these tumors have universally employed
haired animals, and consequently large amounts
of radiant energy have been necessary (1). The
tissue inflammation, degeneration, and even
sarcoma production (2) that have accompanied
tumor formation in albino mice have detracted
from comparisons with the usual reaction in
human skin. Haired animals such as mice and
cows have developed ultraviolet-induced tumors
only about the eyes or about ear tissue.
In 1961 we (3) reported the occurrence of
squamous cell epithelioma in multiple sites of
the dorsal surfaces of the head, neck and back
of hairless mice following irradiation with subcry-
themal doses of ultraviolet from a General
Electric H-85-C3 bulb. No destruction of tissue
occurred and no inflammation preceded tumor
production. No dermal connective tissue changes
were found. Skin of the eye and ear was not
affected. The incidence of tumor production was
100 per cent in four mice after 7 months of
irradiation. Tumors occurred from multiple
points of origin on the skin. This fascinating
observation raised many questions. Was ultra-
violet actually the tumor-inducing agent since
no major effect of ultraviolet was evidenced
before tumor production? Was the lamp used
of a specialized type that could produce unique
tumors? Was there a band of ultraviolet energy
that would preferentially produce tumors?
A series of experiments performed in 1959 and
1960 gave answers to these questions, and is
reported here.
METHOD AND MATERIAL
HR-hairless mice bred on C57 leaden strain
were used. The ability to suckle their young has
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been selectively bred into our strain, and so hair-
less mice may be bred to hairless at present. It
proved practical to house the animals in fours—
one male to three females. Four groups were used,
as follows:
1. A group of 20 mice was exposed to the Gen-
eral Electric H-S5-C3 lamp placed 30 inches above
them. Ultraviolet irradiation was given daily for
30 minutes 6 days of the week.
2. A group of 20 mice was irradiated for 30
minutes per day 6 days of the week with the
General Electric H-85-C3 lamp placed 30 inches
below them. For this they were enclosed in a
square box, the floor of which was made of a
square of silica glass (Corning 96 per cent silica
no. 9-54) that would transmit ahout 73 per cent
of the ultraviolet energy at 2600 A.
3. A group of 20 mice was irradiated for 30
minutes daily 6 days of the week with the General
Electric H-100-A4 lamp placed 30 inches above
them. This lamp differs from the H-85-C3 in that
it has a window-glass jacket, and consequently
all appreciable irradiation below 3100 A. was
excluded.
4. A group of 20 mice was irradiated at 30 inches
for 5 minutes 6 days of the week with a Westing-
house 40-watt fluorescent sun bulb in a reflector
housing. This was the approximate minimal
crythemal dose and was comparable in radiant
energy delivered in 30 minutes by the H-85-C3
as measured by the Westinghouse Sm-200 meter
using the WL 773 phototubc.
RE5ULT5
Group 1 .—Eleven mice completed the experi-
ment. The other nine died before completion
without developing clinical skin tumors. Four
of these were sacrified because of mammary
tumors developing at 1, 2, 2, and 5 months after
the start of ultraviolet irradiation. Three died
without known cause and two more died with
multiple abscesses of the viscera.
All 11 mice living to age 6 months developed
tumors. No tumors occurred on the cars or perior-
bital tissue. We did not see as many tumors with
as much visible keratinization in this series of
mice as in our prior experiment. More ulceration
and secondary infection occurred in this group.
The mice developing tumors showed a range of
multiple tumors from translucent nodules 1 mm.
in diameter to large, ulcerative lesions with
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rolled borders (fig. 1). No erythema of the skin
was seen until after erosion, crusting and infec-
tion of the lesions. The skin became thickened
through the months and slightly yellowish. As a
result of this thickening, the skin was no longer
thrown readily into folds. The tumors arose from
the thickened skin at multiple sites over the
dorsum of the head, neck and back, beginning
at 6 months of irradiation.
Post-mortem examination revealed the large
masses to be non-adherent to the underlying
tissue. Many showed signs of secondary infection
and abscess formation. Ulceration was frequent.
No masses were observed in the adjacent struc-
tures or in the viscera. Lymph nodes were en-
larged but none contained metastatic tumor
tissue. Multiple abscesses of the lymph nodes
and viscera were found.
The principal histologic feature of these tumors
is the wide range of squamous cell neoplasia,
FIG. 1. Squamous cell carcinoma produced on dorsum of hairless mouse by H-8,5-C3 lamp. Note
multiple points of epitheliomatous degeneration. Erosion and elevated rolled borders are features of
large lesions. Ears are normal.
FIG. 2. Early neoplastic intraepithelial changes in skin of hairless mouse (hematoxylin and eosin;
X 380).
FIG. 3. Early premalignant change demonstrating keratinization of individual cells (hematoxylin
and eosin; x 270).
FIG. 4. Keratotic lesion demonstrating papillomatous nature of its base and invasion of squamous
cell masses to level of dermal-horn cysts (hematoxylin and eosin; X 66).
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ranging from carcinoma in situ to malignant
squamous cell change of high grade. All these
changes may coexist in the same histologic speci-
men. The skin demonstrates high-grade and low-
grade, invasive and non-invasive lesions side by
side over the entire area of the exposed skin.
A good example of the early histologic appear-
ance of the tumors is seen in figure 2. No clinical
malignancy was noted, but histologically large,
bizarre cells with much heterochromatin, new
squamous cell masses, and mitotic figures are
notable features. Figure 3 demonstrates another
subclinical histologic change characterized by
thickening of the epithelium, giant epithelial
cell formation, and the individual cell "keratiniza-
tion" typical of senile keratosis. In figure 4 a
keratotic cutaneous horn is shown to demonstrate
cellular anaplasia at its base and invasion of the
tumor into the subcutaneous layer of horn cysts
that is so typical of hairless mouse skin.
Group 2.—Multiple tumors developed in 6
to 7 months on the ventral surface of the abdo-
men and neck in nine of 20 mice (fig. 5 and 6).
Four mice had only a thickened, yellowed ventral
skin. Three mice died early, and renal and vis-
ceral abscesses were found in these on post-
mortem examination. Four died without known
cause and without developing lesions. No mam-
mary tumors occurred in this group.
The tumors were clinically similar to those
occurring on the dorsal surface of the hairless
mouse and varied from translucent small nodules
to large keratotic masses and erosions. The
tendency to hemorrhage, erosion and abscess
formation was prominent. In all instances, the
skin was thickened but otherwise normal before
the appearance of tumors.
Microscopic examination revealed senile kera-
totic changes in clinically normal skin (fig. 7).
These changes were present between the clinical
lesions and also in the four mice that had formed
no clinical tumors. Two biopsy specimens taken
3 months after start of the experiment showed
thickened, benign epithellum without cellular
anaplasia. The large tumors on the ventral sur-
face were composed of masses of very anaplastic
cells and keratinous tissue and were the site of
secondary infection. More tendency toward
keratinization of the tumors was evident than
in our previous experience. Keratinization was
found deep in the tissue (fig. 8). These masses of
anaplastic, keratin-producing cells invaded the
muscle layers of the abdominal wall (fig. 9).
This invasion was not unique for one tumor but
was a characteristic of all the large masses. These
tumors tended to have some fixation to the deeper
structures.
Necropsy revealed enlarged regional nodes and,
in two instances, enlarged liver and spleen. These
changes were of inflammatory nature microscopi-
cally. No rnetastatic tumors were found.
Group 3. —Seventeen mice completed the
experiment of 7 months' exposure to the 11-100-
A4 lamp, which is identical to the lamp used in
groups 1 and 2 except that the glass jacket is
window glass. Three developed enteritis and
died before completion of the experiment. One
mouse developed a mammary tumor, which
did not interfere with completion of the observa-
tion period.
Of the 17 that completed the experiment, two
manifested several nodules 1 to 2 mm. in diameter
on the back. These proved to be benign epithelial
thickening in all cases exept one, wherein squa-
mous cell carcinoma occurred. This was a low-
grade neoplasm but a distinct one. The other
15 mice proved to have only sebaceous hyper-
plasia in the skin on microscopic examination.
The epithelium and the dermis were completely
normal. Results of post-mortem examination
revealed normal findings in all mice.
Group 4.—Nineteen animals of this group
survived completion of the experiment. Mam-
mary tumor developed in three, but in only one
did it necessitate interruption of the experi-
ment. This animal was sacrificed at 4 months.
Tumors developed after 5 months' exposure to
ultraviolet and continued to develop until, at the
end of 7 months, 15 had tumors. Interestingly
enough, the four mice that did not develop
tumors were all in the same box and demon-
strated only thickened skin.
The clinical appearance of the tumors was
similar to that discussed before. It consisted of
multiple nodules of epithelium with a translucent
quality. On enlarging, these became eroded and
crusted and developed rolled and elevated bor-
ders (figs. 10 and 11).
Microscopic examination revealed early senile
keratosis-like lesions (fig. 12). Marked variation
in the lesions in a given histologic specimen
occurred. In figure 13, a range of lesions from
keratosis on the left to infiltrating squamous cell
carcinoma on the right is seen. The tendency to
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keratin production was continued (fig. 14),
despite infiltration of the lesion into deeper tis-
sues, but this in no way indicated the degree of
neoplasia of the tumor. Between the masses of
keratin-producing cells, marked cellular atypia
and numerous mitotic figures were seen (fig. 15).
Special findings.—In all instances the ear and
the periorbital tissue were spared from tumor
production. Similarly, no inflammatory ultravio-
let response occurred. As seen in various illus-
trations, the nails of the mice are extremely long.
Histologic study of the dermal connective
tissue failed to reveal any changes in the pre-
malignant period or later. Mast cells were absent
in the areas where frank invasive malignancy
occurred but plentiful elsewhere under carcinoma
in situ lesions, as demonstrated by the night-
blue stain (4).
Transplantation experiments were uniformly
unsuccessful, whether the tumors were trans-
planted into C-57 or hairless mice, into the vis-
cera, or into the subcutaneous tissue.
COMMENT
It has proved possible to produce squamous
cell carcinomas on the exposed surfaces in a large
proportion of hairless mice. The large numbers of
surviving animals that developed tumors is
indication of the high degree of reproducibility
of this phenomenon. It is apparent that these
animals are very susceptible to small daily doses
of ultraviolet light—doses that do not produce
burn effects.
Because the lesions may be produced on any
side of the animal that is irradiated, it is evident
that it is the light source, per Se, that is involved
in the production of the tumors. Producing
tumors on the belly of the mice was satisfactory
from a theoretical standpoint, but because the
masses were accessible to the feet and teeth they
were further traumatized as soon as any erosion
or ulceration began. The ventral surface could
by mildly traumatized by continual motion
against the shavings in which the animals were
kept. In normal animals this minimal trauma
against the bedding produces no difficulty, but
in the mice with epithelioma on the abdominal
wall it produces early erosion.
It is important that different sources of light
may be used to produce this tumor. The Westing-
house 40-watt fluorescent sun bulb and the 11-85-
C3 General Electric bulb are quite different
sources, and it was necessary to use markedly
different time-dose schedules. Ultimately, how-
ever, essentially comparable numbers of surviving
mice in both groups developed multiple tumors.
The time-dose relationship appears constant
here as it does in many photobiologic phenomena.
It can only be presumed that any source of light
that provides ultraviolet intensity of appropriate
wavelength can be used for the production of
tumors in these mice.
The choice of the three lamps used in this study
was guided by the opportunities they gave us to
roughly study divisions of the ultraviolet spec-
trum in the production of these tumors. The
H-85-C3 lamp produced tumors readily and
possesses a peak ultraviolet radiation in the near
and far ultraviolet. The H-100-A4 excludes almost
all ultraviolet below 3100 A. with its window-
glass jacket. The peak irradiation of the West-
inghouse bulb is at 3100 A. Since the Westing-
house fluorescent sun bulb and the General
Electric H-85-C3 bulbs both produce tumors,
one must suppose that the active wavelength
lies near 3100 A. Practically no irradiation ocurs
from the fluorescent sun bulb below 2800 A.
The Corning silica-glass filter used to hold the
mice in the experiment designed to produce
tumors on the ventral surfaces would transmit
energy only above 2600 A. at the 73 per cent
and greater efficiency level. Therefore, the active
wavelength for carcinogenesis may be between
2800 and 3100 A., a fact closely related to data
discovered by the use of haired mice (1).
The tumors produced on this occasion were
similar to those produced before except that the
massive hyperkeratosis and cutaneous horns
FIG. 5. Multiple squamous cell epitheliomas and keratotic lesions produced on ventral surface of
hairless mouse by H-85-C3 bulb.
FIG. 6. Multiple squamous cell carcinomas on ventral surface of hairless mouse. Note one lesion on
chin and large secondarily infected mass on lower part of abdomen.
FIG. 7. Early senile keratotic changes on abdomen of hairless mouse (hematoxylin and eosin; X 188).
FiG. 8. Masses of squamous cell tumor forming horn pearls and deeply invading subcutaneous tissue
on abdomen of hairless mouse (hematoxylin and eosin; X 42).
FIG. 9. Squamous cell carcinoma demonstrating mixture of anaplastic squamous cells and formation
of horn pearls with invasion of muscular layers of abdominal wall as seen on left. Large, central, horn
cyst is a residual of normal histologic change (hematoxylin and eosin; X 75).
FIG. 10. Multiple epitheliomas on dorsum of hairless mouse irradiated with Westinghouse sun bulb.
Note thickened skin and evidence of mammary tumor.
FIG. 11. Multiple squamous cell epitheliomas occurring on dorsal surface of hairless mouse irradiated
with Westinghouse sun bulb. Note that ears are spared.
FIG. 12. Early senile keratotic changes in hairless mouse irradiated with Westinghouse sun bulb(hematoxylin and eosin; X 146).
FIG. 13. Senile keratotic changes and, successively, grade 1, grade 2, and high-grade invasivesqua-
mous cell carcinoma as viewed from bottom to top. Westinghouse sun bulb used (hematoxylin and
eosin; X 17).
FIG. 14. Mixture of squamous cell carcinoma, anaplastic squamous cell carcinoma, and keratotic
pearl formation. Westinghouse sun bulb used (hematoxylin and eosin; X 80).
FIG. 15. Many mitotic figures, bizarre chromatin patterns and cellular atypia characterizesquamous
cell tumor produced by Westinghouse sun bulb (hematoxylin and eosin; X 285).
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produced in the first experiment were not clini-
cally visible in this experiment. On this occasion,
some infiltration of masses into the underlying
muscles was observed. No such invasion had been
observed before. Histologically, the tumors were
comparable to those of malignancy, but much
hyperkeratotic material was found deep in the
masses.
On this occasion the range of benign hyper-
plasia through senile keratosis and frank malig-
nancy was documented, The early hyperplasia
is quite benign and like that associated with the
application of sulfur (5) or other pharmacologi-
cally active compounds to the surface of the
hairless mouse skin. At 4 months a definite
premalignant change occurs, and from this time
forward cytologic evidence of neoplasia replacing
the benign acanthosis seen in the earlier months
can be observed. After the first several weeks,
mild hyperkeratosis is a feature of the surface
epithelium.
A marked difference between the tumors of
haired mice and those of hairless mice that are
induced by ultraviolet light is the large amount of
inflammation visible in the dermis of the haired
mouse. In addition, the tumors produced in the
haired mouse come on after destruction of tissue,
and in much experience are principally sarcomas.
In contrast, the dermis did not change or demon-
strate inflammatory reaction in the present
experiments. One can speculate that the experi-
ments with haired mice used much energy, re-
moving the appendages and hair follicles by
inflammatory effects and thus affecting the
resistance of the skin to epidermal carcinogenesis.
No changes in the elastic tissue or polysaecharides
were observed, and the idea that elastotie de-
generation is a precursor of epithelial malignancy
is seen to be unfounded here. Use of the night-
blue stain for mast cells as outlined elsewhere
for the rat, mouse and hamster demonstrates
clearly aggregation of mast cells under the pre-
malignant lesion. Below the squamous cell tumors
these aberrant populations of mast cells have
disappeared.
The normal incidence of tumor in this type of
mouse is being studied in two series of 100 mice
each. After 2 years of experience, only an occa-
sional spontaneous papilloma has as yet occurred.
This experience will be reported in detail later.
The tumors that do occur spontaneously are
composed principally of sebaceous papillomas
and cysts or benign squamous cell papillomas
with minimal cellular change (6). The tumors
produced by ultraviolet light in these animals
are quite different in clinical and histologic
appearance.
Satisfactory evidence for high-grade malig-
nancy is lacking, since these tumors have not
metastasized and since our experimental attempts
at transplantation have failed completely. Ex-
perimental efforts along these lines continue and,
it is hoped, will be successful, but others have
had similar experience (7). One reason that our
efforts have been limited is the rapid erosion of
the tumors and the secondary infection that
leads to septicemia and widespread abscess
formation throughout the viscera.
This experimental tumor is very suitable for
investigative purposes because it offers a 3-month
latent period between the beginning of the pre-
malignant phase and development of clinical
tumor. This affords a long time for study of the
pre-malignant state of the skin.
SUMMARY
Squamous cell carcinoma has been induced by
two common sources of ultraviolet light in the
skin of hairless mice. Radiation was accomplished
on the ventral and dorsal surfaces. Squamous
cell tumors varied in histology from senile kera-
tosis to grade 4 squamous cell carcinoma. The
active wavelength may be found between 2800
and 3100 1. No dermal inflammatory changes or
connective tissue changes were associated with
tumor production. The pre-malignant latent
period is approximately 12 weeks as judged by
histologic criteria.
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